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Large differences in enzymatic activity are 
often found brtwcn intact cells and extracts. 
Lacking a better explanation, it has frequently 
been assumed that the penetration of the sub- 
strate is the rate limiting step in the intact cells. 
The experiments reported hcrc were designed to 
test several hypotheses which might account for 
the discrepancy. 

The P-galactosidase (lactasej in Escherichia 
coli n-as sclcctcd as a model syst’cm because of the 
sensitivity and ease of assay, together with the 
extensive knowledge of the induction, isolation, 
and general properties of the system (Ledrrberg, 
1950; Cohn and Monad, 1951; Kuby and Lardy, 
1953; Rotmnn and Spiegelman, 1954). Deere 
(1939) reported that drying E. coli-mutabile 
appeared to “activate” the lactase. Lcdcrberg 
(1950) studied the ,&galactosidasc of E. coli 
strain K-12 with a chromogenic substrate and 
found discrepancies of lo- to 47.fold between the 
activity of the intact cells and of disrupted cells 
or extracts. In addition, Lcderbcrg found that the 
activity of the intltct cell was protected from pH 
changes and inhibitory cations. 

The hypotheses tested in this investigation 
wrc: passive diffusion, inhibitors complexed 
with tho enzyme, and product inhibition of the 
cnzymr. All three were ruled out by the data 
presented below. Consequently, a more com- 
patible proposal is given which assumes the 
existence of a specifically induced penetration 
mechanism. During the course of this work, 
Monad and his associates postulated an inducible 
cnzymelikc mechanism for specific control over 
galactoside penetration and termed the agent a 
“prrmrase” (see Cohen and Monad, 1957). The 
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experiments described here were complctcd before 
the data supporting the permcase hypothesis 
became available and therefore were not designed 
to test this hypothesis. Nevertheless, when our 
findings and the permease data were compared, 
basic similarities and differences between the 
two hypothetical prnrtrat’ion systems became 
apparent. Possible ways of reconciling t,he two 
views are discussed. 

MATERIALS .4NI) METHOIIS 

Bacterial strains and culture conditions. To avoid 
the additional variable of adaptation, the strain 
W-1317, a constitutivc mutant (K-12) of E. co& 
was employed for most of the experiments. This 
mutant, obtained by selection on neolsctosc 
agar, synthesizes large amounts of /!-galactosidase 
in the absence of external inducer (Lederbcrg, 
1951). Experiments involving adaptation were 
performed with the parent K-12 stock. Davis’ 
(1949) minimal medium with 0.1 per cent glycerol 
as the carbon source was used throughout. Iynlcss 
otherwise specified, the cells wcrc grown in con- 
tinuous culture in a modified chemostat (Rotman, 
1955a) with an average gcncration time of 3 hr. 
For most of the experiments, 12 ml of culture 
were withdrawn from the growvth tube. The cells 
were then washed twice with 20 ml of cold 0.02 
M sodium phosphate buffer at pH 7.2 by centrif- 
ugation at 14,000 X G for 3 min in the high 
speed head of an International centrifuge. The 
cells were rcsuspcnded in 12 ml of the same buffer 
to give an avcragc nitrogen content of 70 pg per 
ml. 

Some experiments required the use of bacteria 
freed of cxogcnous salts. Repeated washing with 
water proved inefficient in that the bacteria 
ceased to pack in the centrifuge even at high 
speed. Consequently, the cells were passed 
through an ion exchange column as described b? 
Rotman (1956). The deionization procedure and 
subsequent storage in distilled water at 0 C did 
not impair cell viability and recoveries were 



quantitative. ;\ftrr this trvatmrnt, 1~s than 
0.04 ppm of sodium or potassium were found to be 
present in the supwnatant by flame photometry. 

Chemicnl rengents.3 o-r\Titropllc,n?-l-P-1,-galacto- 
pyranoside was synthesized awording to the 
method of Scidman and Link (1950) or procured 
from blann Laboratories. p-Nitrophenyl-P-u- 
gala~topvranosidt,, p-nitrophrllyl-a-L-arshino- 
pyranosidr, and o-nitrophenyl-oc-L-arabinopyran- 
osidf werr kindly supplied by Dr. K. 1’. Link. 
~\leth~l-P-D-thiogalactopSranoside was obtained 
through the kind assistanw of Dr. ,I. Nouick. 
Galavtose (Pfanstichl) was recrystallized four 
t,imcs from aqueous ethanol and dried at 60 C 
under vacuum for 24 hr. Lysozymc and ribo- 
nuclease were obt’aincd from hrmour Co. The 
lactose was from Difw Laboratories, but all 
ot,hcr rcagcnts wcrc analytical grade. Vater 
was deionized and then glass distilled. 

Analytical n~tlrorls. P-u-Galactosidasc Wv3S 

mcasurcd with ONPG as a chromogenic substrate 
(Lcdrrbcrg, 1950). The test’ solution (0.05 to 0.2 
ml) was ad&d to 2 ml of n1/1000 ONPG dissolved 
in the buffer dcscribrd above. The reaction was 
stopped after 1 to 15 min incubation at 30 C by 
addition of 10 ml of 0.1 M sodium carbonate. 
Thr o-nitrophcnol was determined colorimetri- 
rally at 420 mj~. Enzymatic activity was exprrssctl 
as m~moles ONI’G hydrolyzed per minute. 

I<rnzcne-treated cells wre prepared by shaking 
2 ml of a washed suspension of cells with 0.1 ml of 
hcnzcne. .\fter iwubation for 10 min at 30 C, 
0.05 ml was withdra\\n from the tube and assayed 
as indicated above. .I 0.2 ml sample of the un- 
trratvtl suspension was used to assay the cnzy- 
matic activity of the intact ~11s. The ~11s wre 
ventrifugcd and rcmovcd after stopping the 
rract,ion with sodium carbonate. Blanks were 
prepared by adding the cells after the sodium 
carbonate. The enzymatic activity obtained v-hen 
~11s wcrc treated with bcnzrnc was taken as the 
standard. The activity of the intact cells showed 
linear kin&w on a Michaelis-AIentcn plot up to a 

conwntration of 3.4 X 1OW M OnTPG, thereby 
confirming and rxtcnding Lcderberg’s (1950) 
original observations. 

Ribose was drtcrmined by the orcinol test 
(Kerr and Srraidarian, 1945) and drsoxyribose 

3 Abbreviations: O?;PC+ = o-nitrophenyl-p-u- 
galatetopyranoside, l)SA = desoxgribose nucleic 
acid, RNA = ribose ntlcleic acid, @-galactosidase 
= B~l,~pnl;tctositlase. 

by the diphenylamine twt (Swag et ctl.. 1940). 
Separation of nuclrosides, nwlrotitlt~~, and frcyx 
bases was wcomplished by t,hc method of (‘oh11 

(1950) Protein was nicasurc~tl by the I)iuwt 
reaction (Gornnll et al., 1949). 

Increase in enzynatic acti& by trctrtmnt wit/c 
solvents. (1) Benzene-In agrecmc~nt n-it11 other 
investigators (Lederbcrg, 1950; Koppt4 rt n(., 
1953) treatment of the ~11s with hcxnzvnc, or 

toluene in 0.02 M n-a-phosphate but&r. pH T to 
7.3, yielded rnzymatics acti\?@ similur to that 
obtained with cell-free extracts pr(~p:wvl b)- 
sonic disintegration or drying i72 zvci,o. Five 
minute treatments with 5 prr vent (v/x-) bcnzonv, 
ineluding shaking once or twice by h:md, brought 
the enzymatic activit,y of th(, suspt~neion to its 
maximal value without. rvlvasing mow than 5 pvl 
cent of the enzyme into the supvrnatant. Thv 
bulk of the enzyme was retainrd by- thv “wlls.” 
Vigorous mwhanical shaking prol-iclvtl mnsimnl 
activity in about 15 sw at room tc~niporaturc~. 
The reaction appeared to bt temporatuw intl~~- 
pmdenb in the range 0 t,o 40 C. 

13cnzene-treated wlls do not, nppwr tliffe1 ent, 
from normal cells under phase contrast m&w 
caopy, but whrn Giemsa stain is uwtl ttw trwtv(l 
cells arr lrss basophilic than th(, normal onw, 

suggesting thr loss of rihonwk4c acid. 
ITndcr the electron microwopt, the tliffcrc~n~~c~ 

brcomes evident as shown in figuw 1. Thcl 
destruction of the cell wall in thr hcnz(~rlc~-t,rcntt~cl 
cells is quite apparent but the possil)ility tllat thv 
drying process might hnvc incwnsctl thr clnmngc~ 
must be considered. 

In contrast with the P-galactosicI:w of intncat, 
cells, the benzene-twated ~11:: and t,lw frw 
enzyme were similar in rcspwt to pH optimmll, 
h’,$ value, and inhibition by alkali mcltal ions. 
Thf only dctcctablc diffrwncc \\-a~ that in our 
hands brnzcne-treat4 cells did not hint1 i;ignifi- 
rant amounts of spwifir rabbit antit>nz\-mo. 
Throughout this work, thcwfow, hrllzc~llc~~trcatc,(i 
cells were used as rcfcrcnw for ns~ay of total 
enzymatic activity. 

(2) Other solvents-The lo\\- solubilit\- in wntvr 
of bensew or tolucnr limits somtvhat tllc uscsful- 
ncss of theec solvents. Thcwfow n wawh for a 
more suitablr agent was cwnduc.ttvl. Iso:rm~~l 

alcohol was rhosrn becww of its hi&r xoluhilit~> 
at low temperatures xiitl hwtnsc~ it ti:w :I lou 
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ult,raviolct absorption and would not interfere 
with tho spectrophotometric estimation of 
purincs and pyrimidines. Table 1 shows that only 
relatively insoluble hydrocarbons or aliphatic 
alcohols give maximal activation under the con- 
ditions employed. 

Since isoamyl alcohol disappears during the 
process of activation, a minimum of about 6 X 
lOP* g of isoamyl alcohol per rrll was ncccssary 
at 0 C for maximal enzymatic activity. 

Physiological state of the cells influencing 
enzyn&ic actizlity. From Lederberg’s (1950) work 
and our earlier experiments it was evident that 
the ratios between enzymatic activities of ex- 
tracts and intact cells were not reproducible. As 
shown in table 2, the variable was found to be the 
age of the cultures. Stationary cells show nearly 
the same enzymatic wtivity as their extracts, 
whereas wlls in t(hc exponential phase of growth 
exhibit only a small fraction of their potential 
activity, e. g., the wtivity ratio betwren the 
cstract and the intact cells is 50 to 100. By using 
a rhcmostat and keeping the culture in constant 
growth it was possible to obtain reproducible 
vslurs for the act,ivity ratio. Furthermore, it was 
cstablishcd that large variations in growth rate 
in the chcmostat did not influcnw this ratio 
significantly (table 2). This observat,ion supports 

TABLE 1 

Increase in enqymatir activity of cultures by 
treatment with solzfents 

One ml of bacterial suspension, prepared in 
phosphate buffer ns described in Methods, wits in- 
cubnt,ed for 10 min with 0.2 ml of the solvent 
tested. The 8-galxctosidase activity is expressed 
as per cent of the activity obtained with benzene. 

x 

Ko addition.. 3.6 
Benzene, toluene, xylene 100 
Ethyl nlcohol.. 33 
s-Butyl alcohol. .( - 
t-Butyl alcohol.. 52 
1 -Pentanol 97 
Isoamgl alcohol.. 96 
Ott yl alcohol 58 
5% Phenol.. 32 
5y0 N‘s Lauryl sulfate. ; 37 
Ethyl ether .’ 78 
Acetone. 8 

TABLE 2 

Relationship between age oj cwVuws and enzytuccti~~ 
activity of whole cells 

@-Galactosidase activity was determined in 
washed cells with and without benzene treaiment 
as described in Methods. The activity is expressed 
as t,he ratio between benzene-treated cell and irl- 
tact cell activities. 

Growth Conditions and Age of Cu!tum lartosidase 
Activity 

Stationary, aerated, 12 hr. 21 
Stationary, not, aerated, 24 hr. 24 
Stationary, not, aerated, 3i hr 5 
Stationary, not, aerated, 47 hr. 3 
Chemostjat, 1 hr generat,ion time. 173 
Chemostat, 1.4 hr generation time.. 166 
Chemostat, 7.7 hr generation time 124 
Chemostat, 11.1 hr generation time 161 

the assumption that in the study state the> vast 
majority of the cells are actively growing wen at 
low generation times. 

Passiwdijfusion hypothesis. Induced biosyn- 
th,esis of enzyme (adaptation) and cellular e.rprrs- 
sion of enz~7natic content. .1n opportunity to test 
a simple passive diffusion h)-pothwis is offer4 by 
the fart that the rat’io of intact ~11 act,ivity to 
extract act’ivity changes wit’h the P-galactosiclase 
content of thr cell (Rirkrnbcrg et al., 19j3). The> 
P-galactosidase content per ccl1 can be altcwtl 
(Monod et al., 1951) by varying thcx conwntratiori 
of a suitable inducer of the cnzymc~ in the \viltl 
type E. coli. 

The proposed diffusion h)-pothesis postlllatcs 
that the rate of penetration of the substrate is t,he 
rate-limiting step whc,n the ~11 expresses only 
a fraction of its enzyme content. The hypothesis 
was tested undrr the following assumptions: 
(a) Inasmwh as passive diffusion is under twt, it 
can be assumed that thr rate of penetration is 
constant if conditions of “gratuity” are used 
throughout the experimwt, i. e., the medium has 
a constant chemical composit’ion exwpt for the 
concentration of the nonmetabolized inducw 
(Monad and Cohn, 1952). Otlwr possible pew- 
tration mechanisms which fulfill this assumption 
will not bc discriminated by our test; (b) Thr 
physical propctrties of the enzyme inside the ~11 
are similar to those of the enzyme in cell-free 
extracts; and (c) The concentration of substrate 
around tbr cell remains practically constant, 
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i. e., diffusion rate in the medium is much larger 
than the entry rate of the substrate. This assump- 
tion is vslid because benzene-treated cells exhibit 
activities up to 170.fold larger than intact cells. 
If we recall that a benzene-treated cell contains 
the same amount of enzyme enclosed in practically 
the same volume as an intact cell, we have to 
conclude that the rate at which substrate reaches 
the periphery of the cell is not the limiting step. 
It should be noted that for the purpose of our 
discussion “penetration of the cell by the sub- 
strate” could mean also arrival of the substrate 
at the enzyme site. 

The Fame concentrat,ion of substrate was used 
in all the assays and it remained practically con- 
stant throughout bhe experiment. 

The hypothrsis thus formulated predicts the 
curves illustrated in figure 2A. The predictions 
are: (a) .4t low levels of induction, the intact cell 
should rxprcss its full enzyme content until sub- 
strate penetration becomes rate limiting, i. c., 
throughout this range, enzymatic activity of cells 
and extracts should br the same, and, (b) After 
substrate penetration becomes rate limiting as 
indicated by the lower activity of cells compared 
with extracts, the enzymatic artivity of the 
intac*t cells should remain constant. Therefore 
the ratio of extract artivity to ~11 activity should 
incressc progressively with the increase in the 
enzyme content of the cell. 

.1 test of these predictions is shown in figure 
2. The experimental curves in figure 2B differed 

A. Theoretical curves 2 B. fxperimentol curve5 
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Figure 2. 0.Galactosidsse sctivit,y of whole cells as a function of their p-galactosidase content. Theo- 
retical curves constructed according to the passive-diffusion hypothesis described in the text. Clcwe 1. 
fl~galactosidnse activity of whole cells in mpmoles of o-nitrophengl-P-o-gItlacto~~~r~llosid~ (0Xl’G) 
hydrolyzed per min per ml of culture. &roe II. Ratio p-gnlactosidabe activity of extract over fi-galac- 
t,osidase nctivit,y of whole cells. Increasing concentrations of lactose or meth2;l-P~D-thiognlNcto~~~rano- 
side were used to induce the cult,rltes. 

radically from the thcorctical (2A). In no port,ion 
of the former was either prcdirtion satisfied. Thus 
the intact cell expressed little or none of the> 
enzyme content when this was small and at 
higher induction lcvcls cxprwscd a cowkant 
fraction of the enzyme synthcsizcd. The intart, 
cell activity did not rcarh a plateau but incrwwcl 
steadily with increasing enzyme content. E‘innlly, 
the ratio of extract to cell a&vi@ rrachrd :t 
maximum long before the enzymct content did. 
Thus one must conrludc that t,he passive diffusion 
hypothesis as stated here is incompatible n-ith the 
facts. Any other hypotheses tha,t do not involve a 
change in the rate of substrate entry during 
enzyme induct‘ion would be equally incompntit,l(,. 

The same test was applied to the constit,utiw 
strain which synthceizrs as mwh rnzymr in the 
absmre of induwr as does the parental stork in 
the presence of optimal conwntrations of potclnt 
inducers. The cwqmr content of the constitutiw 
strain was varied by inhibition of the> P-gnlac- 
tosidasr synthesis with lactose. It was found that 
the lower the galactosidasr cwntont, th(l largclr 
was the frac%ion of cnzynatk activity cqwswtl 
by the intact rells. Thcwfow pnssiw diffusion 
here too must be ruled out as a possible pcwtr:\- 
tion mechanism. 

The enayme complex hypothesis. Thr rwontl 
hypothesis to br tested was the esixtenw in tht: 
cell of an enzyme cwnplos whit+ rcduwd cnzy- 
matic act,ivity. In t,his case, t,he increnwd :wtjivity 
of extra& or benzene twated ~11s \vould rwult 
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from the dissociation of the complex. Dissociation 
could occur whn the internal milieu of the eel1 
was no longer protcctcd from external rxchangc. 

Previous rxpcrimcnts (Rotman, 1955b) had 
suggested that RNA might hc the complexing 
agent. In the present work, the test of this sup- 
position was confined to (a) attempts to isolate 
the hypothetical cnzyne-RN.\ complex from 
tlrc ~11s ad to show its in aitro dissociation with 
a compar:thlr increase in cnzymstic activity, and 
(b) attempts to demonstrate the inhibitory power 
of the RX-1 in viro and in vitro. 

The hypothesis could be rxtcndrd to include 
other complcxing molecules such as the enzyme 
itjclf (Kaplan, 1954; Llonncr, 1953). A strict test 
of the latter howvcr would require methods to 
ndyzc~ intracellular structure not available at 
present. 

Leakage of breakdown products qf R.VA. Als 
mcntioncd before, the lowered hasophilia of 
lic,nzc,nc~-trcatrd cells suggested a substantial 
loss of nucleic aeids. Sptctrophotometric and 
ehrmic4 analysis eonfirmrd that as much as 80 
per cent of the total RNA content of the cell was 
present outside. The RNX loss was account,cd for 
by comparable amounts of breakdown products 
of RX.\. Small amounts of free bases and poly- 
merizrd material were among the breakdown 
products. The rclatirc composition of products 
drpcntlrd upon the conditions of the benzene 
treatment. No detectable amounts of D?u’A or 
protrin were found outs& the benzene cells. 
I~oam~l alcohol, like brnzcne, caused a rcleasc of 
breakdown products of RN.1. 

RS.1 brrakdown products were also found to 
bc relcascd from the cells upon aging with a con- 
eomitant inereasc in enzymatic activitp. The 
~11s remain viable throughout the aging process. 
Ilorck et nl. (1955) rcportcd also that the viable 
count of a ecll suspension can remain constant 
Fvhilr nearly 40 per cent of the RNA is excreted 
as brcnkdown products in the supcrnatant. 

Iluring aging, addition of hlg++ or Ca* ions 
in X.2 X lo-$ M eonccntration prcventcd the 
Icaksge of breakdown products of RNA as well 
as the incrcnsc in cnz~matie activity. Storage in 
distilled water at. 0 to 4 C was also effective in 
prwcnting leakage. 

The relationship brtwecn RKA rcleasc and 
increase in enzymatic activity of the intact cells 
was teAed further using lysozymr, polymyxin IS, 
and heating at 51 C. Polymgxin (Newton, 1956) 

and heating at 51 C (Califano, 1952) have hccn 
previously shown to cause leakage of depoly- 
mcrizcd form of RX.\. L~sozyn~c alone has not 
been reported t,o cause any direct rffret on E. eoli 
at’ neutral pH, although recently it has hecn 
shown to cause lysis at pH 7.6 in thr prrsrncc of 
Versenc (Repaskc, 1956). Treatment wit.h lgso- 
z-me rrlcased half of the RX.\ in polymerized 
form prccipitablc by HCIO,. This effect of l>-so- 
zyme was inhibited 70 prr cent by 8 X lo-” xi 
many1 acetntta. 

Furthermow, when the release of RX.1 by 
palymyxin was inhibited hy high concentrations 
of the antibiotic or by divalent cat,ions (Sexton, 
1956) the cnzymat’ic activity was inhibited 
proportionally. Cells treated with cithrr lyso- 
zyme or polym~-xin exhibited about l,? per 
cent of the maximal /3-galwtosidase activity. On 
the other hand, when both agents were used in 
the order indicated maximal activity was ob- 
taincd. Rcwrsing the order or adding the two 
together resulted in rcdueed activity (t’able 3). 
Cells hcatrd at 51 C did not show additive effects 
with either lysozymc or polymyxin. Lysozyne 
trtatmtnt rcsult’cd in no detectable loss in viable 
cells, whereas 14 min at 51 C killed 85 per cent 
of the cells and polymyxin left only a few sur- 
vivors. 

,1s shown in figure 3, trratmrnt with any of 
these agrnt’s resulted in a rrleane of RX.1 pro- 
portional to the increase in @-galuctosidasr. 

:\lthough this proportionality hetwrn RX.4 
excrrtion and P-galactosidasc activity was found 
within every set of experiments involving a single 
activating agent, the amount of RX.1 released 
did not correspond to the same enzymatic activity 
for cxprriments u-ith different, activators. For 
instanw, when isoamvl alcohol released 237 
pg of RNh/mg dry cells wit,11 an increase in 
enzymatic activity of 4320 m~moles O?iPG/min 
mg dry cells, aging in 0.02 M sodium phosphatr 
buffer for 8 hr relcased 23.6 pg of RX-%/my dr! 
cells wit’h an increase of 119 m~moles OXPG/min 
mg dry ~11s. 

This lack of correlation betn-rrn srtivating 
agents suggests that the release of RXA and the 
inerrasc in enzymatic activity could br the result 
of a more general effect. i. e., loss of permeability, 
rather than a combination of RS;Z and enzyme 
as postulated before (Rotman, 1955b). Further 
evidrnce of this h>-pothrsis is given below. 

Preparation of inhibited enzyme in vitro. It was 
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TABLE 3 

S!gnergisfic r$rcf 0s Iyso2~jn1e and polym~sin upon 

the increase in enzvvlafic acfioilg of whole cells 

Chemostat -grown cells were washed and re- 
suspended in phosphate buffer as described in 
hlethods. Three tubes containing 2 ml of cell 
suspension plus the additions indicated below 
were incubated 30 min at 37 C. After this first 
incubation, 0.1 ml of each t,ube was used to deter- 
mine p-galactosidase activity and the rest of the 
cells were sl,un down and resuspended in 2 ml of 
the same buffer. Aliquot,s of each tube, with and 
without additions, were incubated at, 37 C for 
another 30 min. p-Galactosidase was determined 
in each aliquot at the end of this second period of 
incubation. The results are expressed as per cent 
of the p-galactosidase activity of benzene-treated 
cells. Activitjy of cells before incubation at 37 C 
was 1.1 per cent. Activit,v of supernatants from 
tubes 2 and 3 after the second incubat,ion m-as 1.2 
and 0.3 per cent, respectively. 

Tube No 

First 
incubation 

1 
2 

3 

Second 
incu,ba,tion 

1 
2 
2 

3 
3 

Additions 

pAlacto- 
sidase 

Relative 
Rate 

0.2 ml Hz0 
0.2 ml polymyxin B 

(0.5 mg/ml) 
0.2 ml lysozyme (12.5 

mdml) 

Ko additions 
Il;o additions 
0.1 ml lysozyme (50 

mg/ml) 
Ko additions 
0.1 ml polymyxin B 

(0.5 mg/ml) 

8.0 
22.6 
57.5 

20.0 
100.5 

4.7 
22.6 

14.9 

possiblr to prepare extracts containing P-galacto- 
sidase in an inhibited form. The inhibition could 
br overcome by addition of salts or by incubation 
at 37 C (figure 4). The key to the preparation of 
inhibited extracts is to avoid the use of salts 
throughout the extraction procrdure. The crlls 
were wIlwt,cd in a rrfrigcrated Sharplcs wntri- 
fugc, and after thrrr washings with water at 
15,000 rpm in a Spinco (head no. ZO), they were 
ground with dry ice and Iyophilized. The extracts 
were prepared simply by grinding 0.5 g of dry 
pontlcr in a (*old mortar w-it’ll 5 ml of cold water 

I I I 
0 50 100 

Increase in enzymatic ucfivity m/rmoles/min/ml 

Fiqnre 8. Relationship between release of 1iS.L 
breakdown products in the supernatunt~ and 
activation of the @-galacto~idasc of whole cells. 
dl. Cells aged in 0.02 1w X:t-PO1 (pH T.35 at 26 C’) 
for 3 hr at 37 C. B. Cells treated with pol?myin 
B in decreasing concent ration. The lo~e.st increase 
in activity corresponds to 830 Pg of polynl~.sin 
per ml, the highest to 21Opg per ml. C. Cell> heated 
at 51 C in 0.02 M N;;t-P04 (pH 7.2 at 25 Cl for I.5 
min. 

----.7------ maximum acbwty/ 
in the extruct 

/ 

Molarity of No-PO4 @H 6.47) 

Figure 4. Increasein theB-gsl:trtosidaPe activit> 
of inhibited cell-free extracts by addition of salts. 
See the text) for preparation and assay of inhibited 
extracts. The pH of the buffer was mea>ured at, 
0 C and it u-as chosen to match the pH of the 
extract. 

and eliminating the debris by 8 min ccnt,rifugntion 
at 10,000 rpm in the high speed head of an 
International centrifuge. 

These wtracts were assa,yctl at 0 C by adcling 



0.05 ml of 0.05 M ONPG (previously equilibrated 
at 0 C) to 0.1 ml of extract and stopping the 
reaction with 10 ml of 0.1 M Na2C03. The assay 
~vas proportional to incubation time up to 6 min. 

@-Galactosidase activity in these inhibited 
extracts was not diminished by 60 min ccntrifu- 
&ion at 40,000 rpm in the no. 20 head of a 
Spinco centrifuge. Thus, the association of the 
enzyme with a particulate matter is ruled out as 
a (‘awe of inhibition. 

That the inhibition in these extracts is not of 
the known type produced by alkali metal ions 
(Lt&Acrg, 1950) was shown by the fart that 
the initial salt concentration affected the enzy- 
matic activity of aliquots of extract reaching 
itlent~icsl final conditions prior to assay (figure 4). 

The rrlationship betwcn the inhibited ex- 
tracts and the physiological problem in question 
is obscure because t,hc cells which had been 
treated previously with isoamyl alcohol, and 
wrc therefore capable of txprcssing their entire 
cnz\mc content, nevertheless yielded inhibited 
c*stracts. 

Inhibitors of &galactosidase released by the cells. 
.Iwording to the vnzymc-complex hypothesis the 
complcxing agent should be found fret after 
activation of the enzyme. An unsuccessful 
stw~h for the complexing agent was conducted 
among the excretion products of cultures which 
had leaked most of their RNA with a proportional 
incrwsc in /.-galactosidasc activity. A 5-L culture 
of the constitutiw mutant was treated with 
isoamyl alcohol and the supernatant was concen- 
t,rated from the frozen state under vacuum. 

Several fractions obtained by precipitation of 
tlw cwnccntrated supernatant with ethanol were 
tested for inhibition of cell-free enzyme or ben- 
zcw-treated ~11s. K-one was found inhibitory. 
Likewise yeast RNA was not inhibitory in either 
system. The effect of highly polymerized RNA 
from E. co2i could not be detrrmincd. No reports 
of a successful method of preparation could be 
found in the literature. The difficulty probably 
stems from the presence of active RN;lase(s) in 
the estracts (Manson, 1953). 

The product inhibition hypothesis. This hypoth- 
esis explains the reduced a&ivity of the intact 
cell in terms of inhibition of the enzyme by the 
wac+ion products. Galactose, one of the products, 
is known to be a competitive inhibitor of the 
enzymatic hydrolysis of OKPG. High roncen- 
trations of galactow could accumulate in the 

intact cell if its escretion rate happened to bc 
smaller tha,n the hydrolysis rat’e of OSPG. The 
increasing concentrabion of galactoee would 
inhibit the enzymatic reaction progressivcl! 
until a steady state had been reached in which the 
rates of hydrolysis and excretion of galactosc 
remained constant. This hypothesis predicts that 
the initial enzymatic activity of the intact cell 
before accumulation of reaction products woultl 
be larger. The prediction was tested by following 
the initial rates of hydrolysis of OSPG by a con- 
centrated cell suspension in a recording spectro- 
photometrr of very high sensitivity. .‘I double 
beam apparatus which recorded the difference in 
optical drnsitg between 440 and 480 mp was 
used (Chancr, 1956). These experiments wrc 
performed in collaboration with Dr. Ijritton 
Chance at the Cniversity of Pennsylvania. 

The data summarized in figure 5 &OK that a 
steady rate of hydrolysis had been attained by the 

time (see) 
Figwe 5. Hydrolysis of o-nitrophenyl-b-o- 

galactopyranoside (OKPG) by intact cells meas- 
ured in a double-beam recording spectropho- 
tometer. The instrument recorded the difference 
between optical densities at 410 and 180 rnH. 
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wlls as early as one second after substrate nddi- 
tion. Extrapolation to zwo time permitted the 
estimate that the concentration of o-nitrophenol 
(and thrrefore of galactosc) in the total suspen- 
sion at the end of the first second could not have 
cwrcdcd 1 x 1OF M. Since the product inhibition 
hypothesis would demand that a steady state of 
cnzgmatic inhibition should alrrady have bcrn 
established at this time one may ask if the 
amount of galactose that was present was 
sufficirnt to have brought this about. The intra- 
wllular volume of the susprnded cells was dctcr- 
mined to bc 6.3 X 10e3 ml per ml suspension. 
Thus cvcn were all the galactosr that had been 
produced in one second still within the cells, 
its c~oncentration could have been no more than 
(1 x lo--6)/ (6.3 x 10-S) = 1.6 x 1P M. But 
the data of Kuby and Lardy (1953) for the in 
vitro inhibition of highly purified P-galactosidase 
showed that 0.4 RI galactose is required for 95 
pw cent inhibition in the presence of 2.28 X 1OP 
M ONPG (the amount used in the present expcri- 
ments). It follows then that this concentration of 
galactosr is (0.4)/(1.6 x 10-4) = 2500-fold 
greater than could have been gcnera,ted in the 
cells in one second. In other words, the amount 
of galactose that actually was present would 
have had to be crammed into !ssoO of the total 
cell volume to have been inhibitory. (Assuming 
a significant effusion of galactose from the cells 
during this time, the fraction would be even 
lower.) But this is patently impossib-lc when it 

is considered that the highly purified @-galac- 
tosidase represents 0.5 to 1 per cent of the, total 
cell protein (Rotman and Spiegrlman, 1954) so 
that the volume of cnzymc itself is grcntcr than 
>$.joo of the total crll volume. 

It should be noted that the only assumptions 
undrrlying this argument arc that the cnzymc 
inside the ccl1 bchavrs as the purified cnzymc 
and that t,he substrate roncrntration insitlc the 
cell is the same as that outside. 

Penetration wzechanism hgpothesis. p- and 
o-Nitrophcnyl-c-L-arabinopyranoside hnvc also 
been found to act as substrstcs for thr P-galac- 
tosidase (Lcdcrberg, prioate comn~~nication). 

These compounds have thr same ring strwturr 
as the B-r)-galnctopyranosidrs. They differ 
strikingly in that intact ~11s rxhibited thr samr 
activity against them as did cxtra& (tnblc> 4). 
The full exprwsion of enzyme contrnt by th(J 
intact ccl1 cxcludcs immediately the idrn of an 
altered (Kaplan, 1954)) inhibitrd (Kot,mnn, 
1955b), or stacked enzymr (Eonner, 1955). It is 
not likely that the cnzymrl would be compounded 
in surh a form that binding sites for the arabi- 
nosidcs would bc frre but those for thcl gnlacto- 
sides would hr obstru&d. Thr same rcwoning 
applirs to thr> stacakr>d enzyme. 

In addition, the diffrrrncc in h&arior of the 
intact rrll toward the two classes of substrntw 
rannot readily be ascribed to difftwnt rates of 
passive diffusion hccause they are so similar strw- 
turally. It thcrcforc srcms more likely that R se- 

E$ect of Na and R ions in the hydrolysis of B-o-galactosides and a-L-arabinosides by p-galactosidase 

8.Galactosidnse activity was determined as described in Methods at 10-a M substrate concentration. 
Ns or K phosphate (0.02 M) hufier pH 7.2 (25 C) were used in the assay mixture. The results on the 
effect of ions are given as the rat,io @-galactosidase activit,], in r\‘a + buffer over p-g~lactoaid:~se :wtivit.v 
in K+ buffer. The values for induced wild type whole cells are the re,qults of x single experiment. 
-~- 

Ratio Na+ Activity,K’ Activity m,moles of Substrate Hydrolyzed per 
min per pg X in N‘a- Buffer 

Culture 
Substrate Substrate 

ONPG* OxPA* ONPG’ OSPA* 

Constitutive whole cells 1.03 ~ 3.30 1.73 0.72 
Wild type induced whole cells.. 1.01 I 3.35 1.79 , 0.62 
CsHs-treated constitutive.. 1.75 5.55 66.7 1.69 
CsHs-t,rested induced wild t,ype. 1.83 1.10 57.8 1.36 
Noninduced wild type whole cells. I 1.35 0.03 Cndetectsble 
Purified p-galact,osidsse.. ~ 1.78 5.60 i 060 27.9 

2 -~.--~ 
* 0NPG = o-nitrophenyl-P-1).galactoside; ONPA = o-nitrophenyl-a-1..arabinoside. 



lwtivc pcnetrstion mechanism is involved. To a~- 
rount, for the incwase in enzymatic activity of the 
intact cell xit’h increase in en.zJ-mc content, one 
would hnw to assumes that the lwnctration mcch- 
nism is i~lduwd togethw with the enzyme (figure 
23). Ikwrusc~ of its inducibility and specificity, 
one might visualize the prwtration mechanism as 
enzymatic* in nature although it could equalI)- 
~11 act 3s a slwcific “keyhole” at the ccl1 surface. 

Further c~ridww in support of the abol~! 
hypothwis ~~3s obtained by a study of metal ions 
kuowl t,o inhibit the gnlactosidnsc in z,itro. 
Ixclrrlwg (1950). using ONPG as a substratr, 
wportc~tl that S:t ions did not affect t,he intact 
WII wtivit,~ although they rould activate 
B-gnl:lctositl:lsc, in extracts as compared with K 
ions. 11-c huvc c~xtcndetl thew results using 
I-‘-llitrol,lic’ii?-l-P-I)-Rnlac’tOl)VT. Again, no 
cffwt of ions upon intact cell activity toward 
t,his subst~ratc cw11d be noted but the cffwts of 
S;L ant1 K wcrr pwc+ely reversed in &racks. 
\\l~~n the arabinositlcs were rmploycd, metal 
ions \wrc found to inflwnw both intact cells 
and cTstr:wts (tabk 4). A similar situation was 
cwountrrftl in noninduwd ~11s with onl,x- back- 
grountl cwymc. 

R~yydlcss of the, natuw of the substrate, 
intacat ~11s ditl riot. exhibit any P-galnctosidase 
activity whatwc~r \vlien assayfd in distilled water. 
The acstivity was restowd upon addition of 
mal(sic or phosphoric bufiers. Although Rb, K, 
Sa, Li, etc. ww innocuous toward intact cells 
wh(w the\- were acting upon P-galactosidcs, 
tric~t~l~:~~~olamnlor~iulll ions xere potent inhibitors. 
Kuby and Lardy (1953) reported that this ion 
inhibit)h the purified /?-galartositiasc. 

From thcw results it seems that the met&l ions 
an’ inert to the int,art cell activity on P-galac- 
t,ositlw not bccausr the ions cannot reach the 
cnz~-me site, but bcrnuse they do not intcrfcre 
\vit,h the penetration mechanism. This idea is 
winforrctl by the inhibitory effect of Tris buffer 
n-liich should not exist if the ions cannot reach 
that cnz\-me site. The cr-L-nrabinosides would 
h:tx~, suc~li affinity for the &@wtosidr pen&w 
tion mrchanisin as to prrmit a rclatiwly rapid 
cwt,rnnw. Thus, for the nrabinosidcs, the 
6.g:il:trtosidasr would he the r&x limiting step 
in z&. The possibility of a separate penetration 
mcc~hanism spwific for the arsbinosides can not 

1~ cwl77d~l. Xwerthclcss, its postulation adds 
nothing to our hypothrsis. On the contrary, 

The fact that intact ~11s plx~~l in R misturc 
of OSPG and 0.1 11 S&Q3 still can hydrolyze a 
mint&B amount of OSI’G is atldit~ional cvidoncc 
in favor of the pcnctration mechanism. The 
espwimrnt, indicatw that OSI’G penetrates the 
cell faster than OH- ions do. Similarl>-, HC’I, 
trichlorswtic wid, or formaltlehylc do not ptop 
the hydrolysis in ciao compl(~tcl~-. 

The inference from thr a-arabinosidc cxpcri- 
mcnts is valid only if the P-gal:ic~toaitl:isc is the 
main enzyme ~apablc of splitting a-L-arabi- 
nositlen. This assumption is st’ronyly support4 
by twn lines of cspcrimcntnl data: (aj The ratio 
btk-cen the rates of hytlrol~~sis of o-nitrophonyl- 
~u-L-xrabiiiop~rsnosidc :td OSI’C;, untlrr 

constant conditions, is tlicl same for kwnzenc- 
activated cells, crudr extrarts, or purified 
,C-galactositlasc. The average ratio at 1OP I,I 
conccntrntion of substrntc for bcnzenr~-activated 
cells was 39.4 and for purified mzynw, 34.3. The 
ratio given by Kub\- ant1 Lard?- (1953) for 
hi& purified /%gnlactositlase is 38. (b) Crlls 
inducctl with L-arabinosc (a poor intluccr) show 
tracw of &.lartositlase wit1 no d&ctablr 
oc-L-arabinosidasc (to be cspcctcd bc~~~usr of the 
30.fold difference in sensitivity). Extracts of 
/%gnlactosidase constitut,iw mutants growl in 
the presence of suwinatc and r,-smbinosc sho~v 
the same hydrolyk ratio of arabinosidrs nntl 
galartosidrs as givrn abovcs. If an ac*tiw a-r.- 
nrabinosidnse exists it \wuld have to he in- 
duwcl by galnctosc but not arnhinosr, a wr! 
unlikely went. 

-1nothcr possible objection to the inducrtl 
penrtration mechanism hypothesis stems from 
thr fart that a-L-arabinositlw arc hydrolyzed b> 
extracted enzyme at a smaller rate than &+7lsr- 
tosidcs. The results with arabinosides could then 
br interpreted as if the @-pal:~ctositlase becomes 
the r& limiting step at IO~V enzymatic activit,ies. 
This intcrprekkion is incorrect because whole 
cells with tllc XL~C‘ enzyme content, in terms of 
molrs of suhstratc hydrolyzed per min whether 
it was a galactositlc or an smbinosidt~, show rc- 
duct4 activity only n-hen @-galnc4.osidcs wcrc 
Ud. 

.1n analysis of t’hc data obtained in the previous 
wpcrimrnts from t,lw standpoint, of the inducible 



penetration mwhanism is warmntrd. ~Ioreourr, 
such analysis yields a forrcast of the properties 
of the hypot’hctical pcwatration mechanism which 
should br useful for its future isolat’ion. 

The incwasc in enzymatic activity, using 
OXK, which orrurs with organic solvents, 
lysozync, polymyxin, heat, or aging of thr cell 
would have to bc cxplnined by a nonspecific 
incwase in prrmrability. This assumption would 
fit, ~11 with the proportional excretion of RNA- 
brrakdown products which occurs concomitantly, 
indicating a loss of the ability to retain cytoplasm. 

Int,crpreting the results shown in figure 2B 
undrr the inducible penetration mechanism 
hypot,hcsis one can conclude: (a) The data con- 
forms with the hypothesis. (b) The /%pa.lacto- 
sitlnsc is induced at lower inducer concentration 
than the pcnetrat,ion mechanism to account for 
the rarlg part of the curve in which the enzyme 
content iwreasrs more rapidly than the intact 
ccl1 activity. (c) The pcnctration mechanism, 
aft,cr a certain period, is induced linearly with 
inducer concentration, at the same ratr as the 
enzyme. This accounts for the proportional 
increase of the intact cell activit,y. 

The inhibited enzyme found in rxtracts ca.nnot 
be readily explained under any hypothesis 
because of its prescncc in extracts of cells which 
vould display a&Fit\-. The possibility of an 
artifact is not unlikely. 

The experiments with short reaction times 
performed at Dr. Chance’s laboratory do not 
contradict the inducible prnetration mecha.nism 
hypothesis. They would indicate that the entry 
of the substrate by way of the penetrat’ion 
mechanism follows zero order kinetics from its 
initial velocity. 

The inertness of alkali metal ions for the en- 
zymc in VGO indicates that, in contrast with the 
P-galactosidase, the penetration mechanism, 
whicbh in viva is thr rate limiting step, is not 
influenced by alkali metal ions. Xewrtheless, 
the penetration mrrhanism needs some salts to 
fuwtion since it is inhibited by tricthanolaminc 
buffer. 

DISCUSSiION 

Four hypotheses which could account for bhe 
partial expression of the galartosidase in viva 
have been proposed. Of them, only the one which 
postulates an induciblr penetration mechanism 
specific for &galactosidw was found compatible 

with all thr data. Thc~ cxpwimcnts n-1lic.h rule 
out the other three hgpothrsw aw ronc~lusiw 
and the fwv assumptions used in tlicm wcrv sup 
ported by subsequent cxprrimcntal cvidvnw. 

In othrr instanws, spwifics indurtion of trans- 
port systems, required t,o bring substrntcx to tliv 
rnzync sit,cx, haw brcn postulated. It WRS uwcl 
to explain (Harret et al., 1953) the prowas of 
citrate utilization in Pse7cdov~onas ~%owscew and 
in Aerobacter aerogenes (Davis, 1956). Thus, in 
A. aerogenes intrawllulnr accuniul:ttion of citrate 
was shown to occur only after specific intluction. 
Monod and his collaborators hart dcmonstratcd 
directly in Escherichin coii a numbc~r of spwific 
systems which accumulate amino acids (Cohcw 
and Rickrnbcrg, 1955) and an inducible one \&cl1 
accumulates P-thiogalactosides (Rickclnbcrg et 
al., 1956). They have postulated an cnz>-mclikc 
“permcase” which controls t’hr c~ntranvc of tlw 
substance. Thr exit rat? of the, substan(*v \v:~s 
assumed to depend upon the intwnal conc~c~ntla~ 
tion. Thus it is vxplaincd how an wwmulation 
occurs and how a steady stat,t, bvtn-wn entry ant1 
exit is obtairwd. The “prrmcusc ’ which a(‘~- 
mulatrs &thiogalactosidw has lwn shown to I,(, 
induced specifically by the same inducer:: :IP tlw 
P-galactosidase although it is vlcnrlg tliffcrc~nt 
from the latt,cr. The diffcrcnt substance aww 
mulated by the system compete with cac.h other 
in the same fashion as substrates romp& for the 
rnzymc. 

,&ording to Nonod thv “pc~rmwsc” mccha- 
nism of awumulation ran vsplain the rvduccd 
&galactosidasc activity of thr whole ~11 of 
E. coli. The “permeaae” would bc thy rate limit- 
ing step in the process of bringing tlw wbstrat~ 
to the P-galactosidasr site. 

.Uthough Monad’s schcmc~ apparently agrcw 
with the results obtained hcrc thrw arc wrious 
discrepancies which must bc clarificvl lwforcs 
drawing conclusions. The accumulation of 
methyl-P-u-thiogalactosidc is inhibited by 2,4- 
dinitrophenol, azide or by the absrnw of a source 
of energy; whereas, the hydrolysis of OSI’G is 
not affcctcd at all under the same conditions. The 
main evidence obtained by Rickenbcrg et nl. 
(1956) to show the role of the “pcrmcaw” in thv 
hydrolysis of P-galactosides is the corwlnt,ion 
betmren “permease” and P-galavtosidaw in Go 
obtained upon aging of the ~11s. 1Soth arc’ sho~.n 
to decrease proportionally. The results obtniwd 
here are quite opposite inasmwh as the fi-gulac*- 



toaithw activity in the intact ccl1 increases upon 
aging (table 2). 

More recently additional evidence (Cohen and 
Monad, 1957) for the role of the permeasc in the 
hydrolysis of &galxctosides vias presented, It is 
based on the correlation betn-ren the two systems 
in cells wiGi different pcrmcasc activity as a result 
of inhibition of the pcrmcasr synthesis with 
p-fluor~~ph~~n~lalanine. 

\Vhcthrr the discrepancies brtwcn Rlonod’s 
rcwlts anti ours are real or dur to differences in 
strains or conditions will have to hc tested. In 
viw of tjhesr diffcrcnccs, the constitutiwi mutant 
strain uwd in our experiments was subscqucntly 
c~samincvl for t,he prescncc of permeasc and was 
found to hnvc a constitutiw one inasmuch as 
noniniluwd wlls nccumulntc~ radioactive methyl- 
p-1,-tlriog:~l:tctoYitlc. The strain can bc distin- 
guishctl from the “crypt,ic” constitutivc because 
it is I:wt,osc positive and because of the kinetics 
of O?;PG hydrolysis (Cohen and ;\Ionod, 1957). 
Thcwforc, the possibilit’y that WC haw studied 
a different penetration syst’cni than did Monad 
swms vcrj- unlikely. 

.~ssrnning that the tliscrcpancies betwwn 
Monotl’s results and ours arc real, thcg could be 
rcconc~iletl by postulating two different enzyme- 
like y&ems. One would govern the entry of 
spwific substrates into the cell; the second would 
cauw the entered material to accumulate in high 
cow&ration. The permeation system would br 
specifically induced but would not require ap- 
preciable energy to function. The substrate 
brought in by this system could reach the 
fi-galactositlasc site or could contact the accumu- 
lation system. The accumulation system, though 
requiring energy, need not bc inducible or highly 
specific in its function to fit our scheme. 

A support for this hypothesis comes from recent 
espcrimcnts of Monad (1956). He reported a 
competition between inducer and inhibitor for a 
site or substance which remains constant in 
amount per cell during induction. He concludes 
that the site or substance must bc distinct from 
cithrr @-galactosidasr itself or the permcase 
uptake system. In our scheme this site or sub- 
stance would correspond to the second enzymr- 
like system and it would indicatr that it is non- 
inducible. 

Off hand, this hypothesis wit’h two enzymelike 
systems appears wry complrx. Howvrr, if the 
ac~c~umulntion system is represented by the cell 

membrane which could control the wit of the 
substrate and therefore its accumulation, the 
hypothesis becomes amenahlr to test. If the 
assumption is correct, in the prcwncc of azidc or 
dinitrophenol the rate of exit of an accurnulatc~d 
/3-galactosidc should increase apprrciably. The 
rate of wit could be dctcrmined easily in the 
absence of external substrate. 

To postulate, as Cohrn and Monad (195i) 
have done, that nzide or dinitrophcnol inhibits 
“only the enrrgy coupling which allows the 
permeasr rract,ion to fun&on as a pump” scrvw 
only to describe the facts. 

Thus, the utilization of &@ctosidcs in 
Escherichin co/i woultl be regulated by thr inrluc- 
iblc penetration mwhanism, 3 flexible system. It 
permits the full expression of the enzyme in WIIS 
with wry litt,lr of it. or in cells which have cnt~crccI 
the stationary phase. Such crlls might need the 
use of greater synthesizing ability to s&t growing 
again as is illustrated by t,hc faster rate of RS.\, 
DN,-\, or protein synthesis in the lag-phase ~11s. 
Furthcrmorr, it w~ultl indicate that thr norm:ll 
cell synthtsizes simultaneously the enzyme and 
the mechanism which will control its :rctirit\-. 

The smaller quantity of RSA prcswt in 
stationa,ry cells (Morse and Carter, 1919) can 

now be rsplained by the large excretion of RX.\ 
in the form of dcpolymcriztd products \vhich 
occurs with age. The remarkable fact that cells 
can lose most of their IW’A and still rrmnin 
viable poses new qwstions as to the role of RS.1. 

For the enzyme chemist it should bc of int(wst 
that the activating effects of Nn and K ions 
depend upon wh&hcr o-nitrophcn~l-B-l)-~~la(,- 
tosidr or p-nitrophrnyl-P-u-gnlactoside is the 
substrate. With the analogous Lu-L-srabinosidcs, 
the same phcnomrnon is not observed. For both 
of these substrates, It’s ions activate the rnz\-mc 
as compared with K ions, although t,o a diffcrcnt. 
extent in each case. 
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Four hypotheses were tested to explain the 
mechanism of the reduced @-galactosidnse 
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activity of whole cells of Escherichia coli. Passive 

diffusion, protluct inhibition, sna inhibitors com- 

pounded with the cnzymr were ruled out. The 

data are compatible with the prcscnce of an 
inducible pcw+ation mechanism. The prnetra- 

tion mwhanism is said to be specific for ,&g&w 
tosides and to be induced together with the 

&galnctositlnsr. Its properties differ from those 
of an inducible system which accumulates 

P-tlliogalactositlcs in E. coli. The pen&ration 
nwchanism hypothesis offrrs a flexible regulation 
systnn for the enzymatic activity of t,he cell. 

The assay of whole cells with cr-L-arabinosidcs 
pcwnits the bypass of the prnrtration mechanism. 
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